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This invention dea with copolymers o male- 
inöid estes'A) rom satC-aÂiPhatic mo  
group hag a crb6fl Cha-f it0 i8 abfl 
IOOCC (X) =CHCOOH 
wheein N is hydroen, chlorine, or the methyl 
group, and vinyi làurtë" (B), theratio 0f 
maleinoid ester (A) fo vinyl taurate (B) copolyï 10 
merd tqgehr being"q about 10:90 to 
a,ou 50:50 in part by weight or percentage 
by weight: Thisinvention o c0nce com- 
positiom of marrer ohgi'fig es¢nfigll of wax- 
cÇntaining h'd/ro6abç iid.d haing one o 
sad copolFmers dissolved therein ifl an amsunt 
sufficient to deress the P0ç'pbifit heeof. 
it has been suggesed o. dissolve'rësinoùs prod- 
ucts i hdrocarbon"hi"frvgrf0us pùrp6ë. 
Some oil-s0ible resinsCree tHd sc6si of 0 
qi!Çin'hSh the 'ae diss01ed.  SoinS uch 
solutions are prove iq vfcó$Y:eëmèaturL such solutio remain unchanged. In some in- 
stances theP0U r inti ië( LbWçHVg 
pour points is ecasionally obtained, but this 
effe  Scrcely predçiç. : 
Solutions pf pure polymers such as polers 
ofdi8etyi maleate, di8gdécYi ffimaë, 
tadecyl Citracongte, 8r"beyl chib0leate in 0 
wax-containing 0ils are upd to hè 
te same pour point as oi freç of qlyçç.. ]is 
also holds for polyyl !arç, eca 
mixtures of the two tFpes qf p0!Ymrs are lie- 
wise ineffectie in loweHng pr points. 
We bave round,, however, tha t CQpoers 
cetyl or stearyl malçnoid Çser s Çn inyl lu- 
rate in e stated proortiq ar¢ peculiarlF effec- 
tiçe po point depressants i petçoleum liuid 
wic have waxy pou points. 40 
The maleinoid esters are f0red frQm lpng- 
cained m0n0hyd c' alcools of $6 t 8çrbo p 
atom in chain length. These are 
cetYl and stearyl alboh01s or miuws theref. 
Heptadecyl alcoh01, alth0Ugh  'ço5n,- is 
l¢we effective: Th e àd pbrgiçh 6thee es= " 
ters is at fr0m ma!eç  fumage, ch!0romlec 
ciçacoc, or mesacenic Ççids. Teçe iS us 
used Such an ester as dictyl or distearyl malate, 
fumaate, OEior6maleate, br citraconate.' Thëe 0 
ma iikewi be usçd'aixd ester sçh 
stearyl maleat or a mixture of esçer. 
he repardtion of inyl !uÇte: the seçond 
comoent 8 the coPo!mers ofhis inenfon, 
m£ 6110w known meh0s."- Acelee, for: ex 
preence of a znc r ci c.atlyt. 
laurate is also aya$)l thvçgh cidolysis 
transesterifi8ation 8f a lower Vinyl"ër: ""The 
vinyl !aurate need Pt Ç  PUe e aç, àS 
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products obtained from commercial la.uric ac.id 
are quite acceptable and useful. 
The two types of esters., maleinoid ester and 
vinyl laurate, are mixed in proportions by weight 
of kbout 10 to 50 parts of the former to 90 to 
50 parts of the latter, Within these proportions 
there are obtained copolymers of outstanding 
proPerties. The mixture is extende.d with an 
inert organic solvent such as benzene, to!uene, 
xylene, or a close-cut naphtha or a mineral 0 
such as a lubricating offand the splution sub_- 
jected to polymeri.ation conditions under 
inert atmosphere. A copolymerizing catalyst 
is added to the solution and the solution is 
heated to températures between 75 ° and 150/ 
C. Until a copolymer results. The. m0!ecu!ar 
size of the copolymer may be from abmlt 1Q0 
to 50,000 or more. The value of the C0p_olymers 
as pour depressants, however, does no dçpend 
upon molecular size, but rather upon choice 
of starting materials and their proportions. 
copolymers of molecular weights abov.e Çbout 
5000 have not on!y pour dCpressing acti0,n but 
also act ms thickening agents and imPoers, qf 
viscosity index. 
Usefu] catalysts for Copolymerizati0! .a,.r.,e pr- 
ganic peroxides and acyclic az0 c0mpounds , S.uçh 
as azodiisobutyronitrile. A single perp.x.ide m._y 
be used or a mixture of peroxides. T.yliCl 
peroxides include acetyl perox.ide, capr0yl 
oxide, lauroyl peroxidel benzoyl pê'Xte.-di- 
benzal peroxide, di-tert..btyl dipeÏhalatè, 
tert.-butyl perbenzoate, 2,2-bis(tert.-butylper- 
oxy)butane, methyl ethyl ketone peroxide, di- 
tèrt.-butyl peroxide, tert.-butyl-hydroperqxi.de 
etc. Amounts of catalyst may be 2% to 15% pf 
th weight of the mixed monomers A smal. 
amount of catalyst may be taken at the start .and 
more added ms copolymerizati0n proceeds. 
Solvent may likewise be added from tim t0 
rime. It is necessary to adjust the cop0!ymemiza- 
tion so that copolymer remai_ns in solution and it 
is formed. If a cop01ymer seParates or a gel 
forms, it is usually found that the product is un- 
stfitab]e as an oil additiVe. " ........ 
Further detaits of preparing copolymers of 
tflis invention are presente d i n fle _fij!!pWig 
illustrative examples, parts are bY weig.h.t: 
Excmp_le 1 
A reaction vessel was prepared with a s,t,irr,r, 
reflux condenser, thermometer, dropping fùn- 
riel, and inlet tube" foinet gas. The vessel 
was heated with an off bath. At the start the 
 bath was kept at 115°-120 ç -. and amïtue 
15 parts of distearyl maleate, 85parts Of inYl 
laurate, 5 parts of bnz0! per0:ï,dè/d ïo 
parts of toluene was added theret.o. At 4 3 hours 
the temperature was 10wered to 98°-9,9 C.  
0 maintained at this 1.evel untii 8. .qqçs, 
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3, 4.3, 5.3, and 6.3 hours additions of benzoyl 
peroxide were ruade in amounts of 2, 5, 2, and 
0.8 parts respectively. Additions of 17, 22, and 
110 parts of totuene were ruade at 3, 4.3, and 
7.3 hours respectively. The product was a 32.5% 
solution of copolymer. A portion of this prod- 
uct was diluted with toluene to a 30% copolymer 
content. This solution had a viscosity of 5.4 
centistokes at 100 ° F. 
A mixture of 173 parts of the 32.5% solution, 10 
121 parts of the 30% solution, and 139 parts oï 
a light oil was heated to drive off toluene, being 
carried to 140 ° C./2 mm. The resulting solu- 
tion contained 37.6% of copolymer in off. This 
was a convenient ïorm for handling the co- 15 
polymer and adding it to wax-containing ofls. 
Example 2 
A mixture was ruade from 100 parts of di- 
stearyt citraconate, 100 parts of vinyl Iaurate, 
I0 parts of benzoyl peroxide, and I00 parts of 
totuene. This mixture was stowly run înto the 
reaction vessel, which had been flushed with 
nitrogen and heated to 115°-120 ° C. This tem- 
perature range was maintained for 3 hours and 
then the temperature was kept between 100 ° 
and I05 ° C. to the end of the heating ieriod at 
8 hours. Stirring was continued until the 
action mixture had cooled to 40 °C. Catalyst 
was added as £ollows: at 3 hours, 4 parts; af 30 
4.75 hours, I0 parts; at 5.75 hours, 4 parts; and 
at 6.75 hours, 1.5 parts. Toluene was added as 
follows: at 4.75 hours, 87 parts; at 5.75 hours, 
87 parts; and at 6.75 hours, 87 parts. The 
product was a 35.3% solution of copolymer. A 35 
30% solution of this copolymer in toluene had 
a viscosity of 36 centistokes at I00 ° F. In an 
oil having a pour point of ÷25 ° F., 0.5% of this 
copolymer depressed the pour point 50 ° F. 
Repetition of the above procedure wîth sub- 40 
stitution of distearyl mesaconate for the citra- 
conate yieIds a copolymer with essentîally the 
saine properties. This copolymer is equally ef- 
fective in depressing the pour points of wax-con- 
taining oils. 45 
Example 3' 
A mixture of 50 parts of distearyl chtoro- 
maleate, 150 parts of vinyl laurate, 10 parts of 
benzoyl peroxide, and 200 parts of toluene was 
slowly added under a nitrogen atmosphere to 
the reaction vesse1 heated at I20 ° C. This tem- 
perature was maintained for four hours. The 
temperature was then lowered to 100 ° and kept 
at 100°-103 ° F. until 8 hours when heating was 
discontinued. Peroxide was added in amounts 
of 4, I, 4, and 1.5 parts at 2.75, 4,5, 5.5 and 6.5 
hours respoctively. Toluene was added at 7.5 
hours in an amount f 175 parts. The batch was 
cooled with stirring. The product was a 35.8%. 
solution of copolymer. A 30% solution in tolu- 
ene had a viscosity of 7.1 centistokes at 100 ° F. 
It dePressed the pour point of a wax-containing 
Pennsylvania neutral 40 ° F. when used at 0.25% 
therein. 
Exampe 4 
A mixture of 40 parts of dioctadecyl fumarate, 
60 parts of vinyl laurate, 8.4 parts of lauroyl 
peroxide, and 25 parts of toluene was slowly run 70 
into the reaction vessel at I19 ° C. After three 
hours the temperature was reduced to about 
105 ° C. and held at this leveI untiI 7.5 hours, 
when heating was discontinued. As usual, a 
nitrogen atmosphere was used and stirring was 75 
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continued while the batch was being heated and 
thereafter until it had cooled below 40 ° C. Small 
portions of lauroyl peroxide were added at hourly 
intervats for a total of 15.2 parts. Additions 
of toluene amounted in all to 125 parts. This 
product was a 34.3% solution of copolymer. A 
30% solution in toluene had a viscosity of 44 
centistokes at 100 ° F. 
Example 5 
A mixture of 10 parts of dicetyI maleate, 90 
parts of vinyl laurate, 5 parts of benzoyl per- 
oxide, and 50 parts of toluene was added to the 
reaction vessel at îî8 ° C., a temperature main- 
tained for two hours af ter which temperatures 
of 100°-105 ° C. were held until 8 hours. Addi- 
tions of portions of peroxide amounted to 10 
parts in all and of toluene to 87 parts. The 
product was a 4I% solution of copotymer. A 
30% solution in toluene had a viscosity of 14.2 
centistokes ai I00 ° F. This copolymer depresses 
the pour point of Pennsylvania neutral having a 
normal pour point of +25 ° F. to --10 ° F. at 
0.25%. 
Exampl 6 
A cetyl stearyl maleate was prepared using 
equal molecular amounts of cetyl alcohol and of 
stearyl alcohol. A mixture was ruade from 12 
parts of this maleate, 88 parts of vinyl laurate, 5 
parts of benzoyl peroxide and 75 parts of toluene. 
Copolymerization was started at 112 ° C. and 
contînued at 98 ° C. until 8 hours. As above, per- 
oxide was added in small portions, amounting in 
all to 9 parts and toluene was added in an 
amount of 75 parts. The product was a 37% 
solution of copolymer. A 30% solution in toluene 
had a viscosity of 76 centistokes at 100 ° F. This 
copolymer depresses the pour point of a Penn- 
sylvania neutral having a normal pour point of 
÷25 ° F. to --20 ° F. ai 0.5% in Oil I. 
The eiïect on the pour point of wax-containing 
hydrocarbons was determined by dissolving a de- 
fined copolymer in such hydrocarbon fluid in an 
amount suflicient to depress the pour point and 
subjecting the resulting solution to the A. S. T. M. 
pour test (D9747). In some instances, this test 
was supplemented or replaced with shock chill- 
ing and/or maximum pour tests. Cf. Proc. 
A. S. T. M. 45, Appendix I, p. 244 (1945). The 
shock chilling determination is made by observ- 
ing the sample during the initial cooling step 
with the cooling jacket at --60 ° F. 
The useful range for using the copolymers of 
this invention in hydrocarbon fluids is from a 
concentration of about 0.0I% up to about 5%. 
In any case, the amount of copolymer dissolved 
in a hydrocarbon of waxy pour point should be 
suflicient to depress the normal pour point of the 
said hydrocaÆbon. 
For the evaluation of the copolymers three 
oits weie selected. One was a 150 Pennsylvania 
neutral having a pour point of ÷25 ° F. (Off I). 
This was an off which proved to be relatively 
sensitive to the action of pour point depressants. 
A second oil (Oil II) was a 500 li2d-Continent 
solvent-extracted neutral (S. A. E. 30) having a 
pour point of ÷25 ° F. This was known to be an 
off which was hot readily changed as to its pour 
point. The third off (Off III) was selected to 
study eiïects in heavy oils. It was an S. A. E. 
90 gear off, compounded from 30 parts of a 180 
Pennsylvania neutral and 70 parts of a 150 Penn- 
sylvania bright stock. It had a pour point also 
of ÷25 ° F. 
A Copolymer prepared from I5 parts by weight 
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of distearyl ulaleate and 85 parts of vinyl laurate 
was dissolved in Oil I ai 0.5%, 0.25%, 0.1%, and 
0.04%. These solutions gave pour points of --40 ° 
1., _35 ° 1., --20 ° 1., and 0 ° 1. respectivily. A 
0.5% solution in Oil II gave a pour point oî --25 ° 
1. by shock chilling and --5 ° !. by the ulaximum 
pour test. With 0.1% of this copolyuler in Oil 
III the pour point was 0 ° !. and af 0.04%, ÷15 ° !. 
A copolyuler froul 25 parts by weight of di- 
stearyl ulaleate and 75 parts of vinyl laurate was 
exaulined in Oil I af 0.5% and 0.25%. Pour 
points round were --35 ° 1. and --25 ° 1. respec- 
tively. In Oil II af 0.5% the pour point was --20 ° 
!. under shock chilling. In Oil III af 0.1% the 
pour point was --5 ° 1. and af 0.04%, 0 ° 1. 
A copolyuler froul 35 parts of distearyl ulaleate 
and 65 parts of vinyl laurate was exaulined in 
Oil I af 0.25% and 0.1%. Pour points round 
were --20 ° 1. and +10 ° 1. Af 0.5% in Oil II a 
pour point of --20 ° 1. was round under shock 
chilling. In Oil III ai 0.1% the pour point was 
--10 ° 1. and af 0.04%, --5 ° 1. 
A copolyuler froul distearyl ulaleate and vinyl 
laurate in a 50:50 wiight proportion gave pour 
points of --15 ° 1., _15 ° 1., --15 ° 1., and --10 ° 1. 
at 0.5%, 2.5%, 0.1%, and 0.04% respectively in 
Oil I. In Oil II at 0:5% the pour point was +5 ° 
!. In Oil III af 0.1% the pour point ws --15 ° 
!. and at 0.04%, +15 ° !. 
A copolyuler of dioctadecyl fumarate and vinyl 
laurate in a 10:90 weight ratio gave pour points 
of --35 ° !., --35 ° !., --15 ° !., and +25 ° !. ai 
0.5%, 0.25%, 0.1%, and 0.04% respectively in Oil 
I. In Oil II the pour point by shock chilling was 
+5 ° !. af 0.5% and in Oil III +15 ° !. at 0.1%. 
A siulilar copolyuler in a 5:95 ratio gave a pour 
point of ÷20 ° !. at 0.25% in Oil I and failed fo 
depress the pour point o£ Oil II or Oil III, the 
ratio being by weight. 
A copolyuler of dicetyl citraconate and vinyl 
laurate in a 25:i5 weight ratio gave a pour point 
o£ --40 ° !. in Oil I at 0.5% and --25 ° !. at 0.25%. 
A copolyuler o£ distearyl ulaleate and vinyl 
laurate in a 1:2.9 ulole ratio (a 50:50 weight ra- 
tio) was carried fo a ulolecular size such that a 
30% solution in toluene had a viscosity of 181 
centistokes at 100 ° !. This copolyuler was ex- 
aulined over a range of concentration in an oil 
which had viscosities of 5.10 centistokes at 210 ° 
!. and 30.9 centistokes at 100 ° !., giving a vis- 
cosity index of 100. Af 0.5% of copolymer in this 
oil viscosities were 5.41 centistokes af 210 ° !. and 
32.9 centistokes ai 100 ° !., yielding a viscosity 
index of 109. A 2% solution in the oil had vis- 
cosities of 6.48 centistokes af 210 ° !., and 39.3 
centistokes af 100 ° 1., giving a viscosity index 
of 124. 
A copolymer of distearyl ulaleate and vinyl 
laurate in a 25:75 weight ratio was prepared in 
a ulolecular size such that a 30% solution thereof 
in toluene had a viscosity of 269 centistokes ai 
100 o 1. At 0.25% in Oil I it gave a pour point 
of --20 ° . 
This copolyuler ai 0.5% in the above oil hav- 
ing a viscosity index of 100 gave viscosities of 
5.44 centistokes af 210 ° 1. and 33.1 centistokes af 
100 o 1., giving a viscosity index of 110. A 2% 
solution in the oil had viscosities of 6.62 centi- 
stokes ai 210 ° 1., and 40.1 centistokes at 100 ° 1., 
giving a viscosity index of 125. 
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A copolyuler from a mixture of dicetyl chloro- 
maleate and vinyl laurate in a 15:85 ulole ratio 
in Oil I af 0.5% gave a pour point of --20 ° F. and 
ai 0.25% of --10 ° F. In Oil III at 0.1% if gave 
5 a pour point of --5 ° F. 
The copolymers of this invention are new. 
T1]ey are characterized by their solubility in hy- 
drocarbon fluids and their capacity for iulpart- 
ing thereto an increase in viscosity which is cou- 
10 pled with some improvement in viscosity index 
and lowering of pour point when the pour point 
results froul a wax content. These copolymers 
are useful not only in petroleum lubricating oils 
having waxy pour points but also in fuel oils and 
15 diesel fuels and the like. The fluid hydrocar- 
bons upon which these copolyulers act are gen- 
erally froul paraffmic or naphthenic stocks. 
These copolyulers ulay be used in conjunction 
with other additives, such as antioxidants, oi]i- 
2O ness agents, detergents, and the like. 
Coulpositions based on the copolyulers of this 
invention dissolved in a wax-containing hydro- 
carbon liquid usually contain froul 0.01% fo 5% 
o£ the copolymer. There are soule oils which are 
25 so susceptible to the action of the copolyulers 
that a concentration of even 0.01% or 0.02% gives 
 practical depression of the pour point. Soule 
oi!s advantageously ulay be treated with 5% or 
even ulore of one of these copolyulers. This is Par- 
3O ticularly true in cases in which an increase in 
iiscosity or an imiroveulent in viscosity index 
is desired along with depression of pour point. 
_n most cases concentrations of 0.05% fo 2% of 
a copolyuler are sufiïcient and highly effective 
35 £or lowering the pour point and are preferred. 
These copolyulers ulay be used in conJunctio 
with other polyuleric ulaterials and other types 
of oil-additives, such as antioxidants, wear-re- 
sisting agents, detergents, and the like. 
0 We claiul: 
1. A copolyuler of a maleinoid ester (A), 
OOCC (X) CHCOO, in which X is a member 
of the class consisting of hydrogen, chlorine, and 
the ulethyl group, and 1 is an alkyl group having 
45 a carbon chain of 16 fo 18 carbon atouls, and 
of vinyl laurate (B), the ratio of ulaleinoid ester 
groups (A) fo vinyl laurate groups (B) being 
from 10:90 fo 50:50 by weight. 
2. A copolyuler of distearyl ulaleate and vinyl 
5O laurate, the ratio of ulaleate groups fo laurate 
groups being froul 10:90 fo 50:50. 
3. A copolyuler of dicetyl ulaleate and vinyl 
laurate, the ratio of ulaleate groups to laurate 
groups being froul 10:90 fo 50:50. 
55 4. A copolyuler of distearyl fumarate and vinyl 
laurate, the ratio of fumarate groups fo laurate 
groups being froul '19:90 to 50:50. 
LA VERNE N. BAUER. 
60 HARRY T. NEHER. 
WILLIA1VI L. VAN HORNE. 
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